OBJECTIVE: In 1987, the sudden infant death syndrome (SIDS) rate in the United States was 1.2 per 1000 live births. By the year 2005, the SIDS rate had dropped more than half to approximately 0.5 per 1000 live births. In 1987, the risk of SIDS was 2.32 times greater for extremely premature infants compared with term infants. The objective of this analysis was to determine if with the falling SIDS rate there has been a change in the risk for SIDS among preterm infants. STUDY DESIGN: Data were obtained from the United States Linked Infant Birth and Death Certificate Public User Period files for the years 2005 to 2007. The adjusted odds ratios (ORs) for postneonatal out-of-hospital death by gestational age were determined by logistic regression modeling. RESULT: Over the 3-year period, there were 5203 postneonatal out-of-hospital deaths attributable to SIDS; 2010 attributable to other sudden deaths; 1270 attributable to suffocation in bed; and 3681 attributable to other causes. The adjusted OR for SIDS among the most preterm infants (24 to 28 weeks gestation) was significantly increased compared with term infants, OR adj ¼ 2.57 (95% confidence interval ¼ 2.08, 3.17), as were the adjusted ORs for the other causes of sudden infant death. CONCLUSION: Despite the marked drop in the incidence of SIDS since 1987, the risk for SIDS among preterm infants remains elevated. Other causes of sudden infant death for which SIDS is often mistaken reflect similar levels of increased risk among preterm infants.
INTRODUCTION
Preterm birth is a recognized risk factor for sudden infant death syndrome (SIDS). [1] [2] [3] [4] [5] [6] [7] The mechanism by which prematurity predisposes infants to SIDS, however, remains unknown. Apnea of prematurity, a maturational phenomenon associated with prematurity, has been rejected as the mechanism for the increased risk of SIDS among preterm infants. 4, 8, 9 Nevertheless, the immaturity of the preterm's central respiratory center and ability to respond to asphyxiating environments remain suspect. [10] [11] [12] [13] [14] A study of preterm births in the United States for the year 1987 documented a later age of postnatal death attributable to SIDS among the most preterm infants of 24 to 28 weeks gestation (17.9 weeks) compared with term infants (12.8 weeks), but still an earlier postconceptional age of SIDS death among the extremely preterm infants (44.2 weeks) compared with term infants (52.7 weeks). 5 Those authors concluded that, considering most preterm infants were discharged at 36 to 38 weeks postconceptional age, a certain period of time in the home environment might be required to attain maximum vulnerability for SIDS for both preterm and term infants. The fact that the vulnerability occurred at an earlier postconceptional age among preterm infants suggested that developmental processes were affected in such a way that the vulnerable period occurred earlier. Other studies of SIDS among preterm infants have documented increased sociodemographic risk factors among preterm infants dying of SIDS compared with survivors 2, 4 or of preterm infants dying of other causes. 15 This suggests that the risk of SIDS associated with prematurity may be more mediated by maternal and environmental circumstances than developmental physiologic issues. Since the recommendation of the American Academy of Pediatrics for non-prone sleep placement of infants in 1992 and the implementation of the Back to Sleep Program by the US Public Health Service, the SIDS rate has decreased by more than half from approximately 1.2 deaths per 1000 live births to 0.5. 16 An approximate 30% decline in the SIDS rate across gestational age categories since the Back to Sleep recommendations was confirmed in a cohort analysis of the US birth population of 1995, but has not been reported more recently. 17 The objective of this analysis was to determine the SIDS rate by gestational age category and to determine if any changes have occurred in the postnatal and postconceptional ages of death over approximately the last 20 years. In addition, because other causes of sudden unexpected infant deaths (SUIDs) are often misclassified as SIDS or vice versa, the most common other SUID's were also examined. The comparison with 'other causes of death', which is composed of all the remaining causes of death not frequently related to SUIDs is to point out the differences in magnitudes of risk by gestational age and differences in age of death and demographic differences compared with SUIDs. By narrowing the inclusion criteria for deaths to those occurring out-of-hospital in the postneonatal period, the most typical environmental conditions defined for SIDS were maintained.
METHODS
The United States linked infant birth and death certificate period files were downloaded from the National Center of Health Statistics internet site for the years [2005] [2006] [2007] . 20 Maternal demographic, pregnancy, labor and delivery characteristics, and infant birth characteristics were extracted from the downloaded files as well as the age of death, place of death and underlying cause of death from the linked death certificate files. Only births with gestational ages from 24 to 42 weeks and birth weights of 400 to 6000 g were used in this analysis. Only records with information on all variables were utilized. Only postneonatal (427 days of age) and out-ofhospital deaths that had received an autopsy were used in the analysis. The International Classification of Diseases-revision 10 codes utilized for this analysis included: R95 for SIDS; R96-99 for other sudden deaths; W75 for suffocation in bed; all other International Classification of Diseases-10 codes for 'other causes'. 21 Analyses were done using SAS (SAS Institute, Cary, NC, USA). Chi-square analyses were used for determining statistical significance of general association for nominal variables and Bonferroni t-tests for multiple comparisons, using the general linear models procedure was used for continuous variable comparisons. Multivariate logistic regression modeling was used to determine the odds ratios (ORs) between gestational age categories for the various underlying causes of death independent of potentially confounding variables. An arbitrary P-value of o0.05 was designated as statistically significant.
RESULTS
Over the 3-year period from 2005 to 2007, there were 11 944 444 live births available for analysis, and 5203 postneonatal out-ofhospital SIDS deaths; 2010 such deaths attributed to other sudden deaths; 1270 attributable to suffocation; and 3681 attributable to 'other causes'. The postneonatal out-of-hospital mortality rate for SIDS ranged from 1.23 per 1000 live births among the extremely premature infants (24 to 28 weeks gestation) to 0.37 per 1000 for term infants (37 to 42 weeks gestation), Table 1 . The mortality rates for other sudden deaths and suffocation were considerably lower than that for SIDS among the extremely premature infants, 0.51 and 0.31 per 1000 respectively, but demonstrated a similar drop in rate as gestational age increased. Among the extremely premature infants dying of 'other causes', however, the incidence was 41.5 times greater than the incidence of SIDS at a rate of 2.17 deaths per 1000 live births (Table 1) .
Compared with survivors, maternal age was much younger among all categories of death; maternal education was less; there was a greater prevalence of Blacks, multiparous women and women with multiple births (Table 2 ). Cesarean sections were most prevalent among infants dying of 'other causes' and males predominated across all causes compared with survivors. Although the distribution of gestational age was skewed toward the more preterm across all categories of death, the 'other cause' category was noticeably skewed toward a higher prevalence of extremely preterm infants (Table 2 ). This was reflected in the mean birth weight for infants dying of 'other causes' at 2881 g, which was significantly lower than the birth weight of the survivors (3273 g) and lower than the birth weight for all the other SUID categories of death (Table 2) .
Within categories of death, the postnatal age of death decreased as gestational age increased for all categories, but the drop was most notable between the 24-to 28-week gestation group and all other gestational age categories. This phenomenon was, however, notably less for 'other causes' (Table 3 ). For the extremely preterm category, there were no significant differences in the postnatal age of death across all categories of death. The postnatal age of death for the later preterm categories and term births for the all the SUIDs, however, was significantly less than for other causes (Table 3) .
A similar phenomenon was observed for the postconceptional age of death. There were few differences in the postconceptional age of death within gestational age comparison categories across categories of death except for 'other causes', which tended to occur at later postconceptional ages in the gestational age categories after 28 weeks (Table 3) . Within category of death, comparisons of the postconceptional age of death showed a later postconceptional age of death as gestational age increased for all categories ( Table 3) .
The adjusted ORs for the various SUID causes of death demonstrated little difference in the risk of a postneonatal outof-hospital death compared with term infants between the 24-to 28-week and the 29-to 32-week gestation categories as demonstrated by the overlapping 95% confidence intervals (CIs). For example, the adjusted ORs and 95% CIs for SIDS OR adj ¼ 2.57 (2.08, 3.17) for the 24-to 28-week gestation category and for the 29-to 32-week category the OR adj ¼ 2.72 (2.38, 3.10) were very similar ( Table 5 ). As gestation progressed to 33 to 36 weeks, there was a drop in risk. For 'other causes', however, there was a significant progressive reduction in risk as gestation progressed with adjusted ORs at 24 to 28 weeks of 6.82, falling to 3.95 at 29 to 32 weeks, and then decreasing to 2.03 at 33 to 36 weeks gestation with no over lapping of 95% CIs (Table 4) .
To help understand why the risk of postneonatal out-of-hospital deaths for other causes might demonstrate such a progressive reduction in risk with gestational age, the top five underlying causes of death within this group were examined for each gestational age category (Table 5) . What is revealed is that within the lower gestational age categories the top underlying causes of death are specifically associated with the degree of prematurity, while the top underlying causes of death in the later gestational age categories are more associated with environmental conditions and congenital malformations.
DISCUSSION
In the 1987 analysis of the relationship between gestational age and SIDS in the United States, the mortality rate for infants born at 24 to 28 weeks gestation was 3.52 per 1000 live births. 5 Twenty years later, examining the United States births for the years 2005 to 2007, the postneonatal out-of-hospital rate is over 60% less at 1.23 SIDS deaths per 1000 live births. Despite this dramatic reduction in the rate of the occurrence, the adjusted OR for SIDS remains 2.57 (95% CI ¼ 2.08, 3.17) times greater for extremely preterm infants compared with term infants. The adjusted OR for SIDS in the 1987 cohort of extremely preterm infants was very similar at 2.3 (1.87, 2.89).
5 Similar adjusted ORs have been reported for the 1995 US birth cohort 17 and for the 1996 to 1998 US birth cohort. 22 For the 2005 to 2007 analysis, other causes of sudden infant death were also examined to compare risk relative with gestational age, because of the observation of cross-classification of these other causes with SIDS. [23] [24] [25] The analysis suggests similar increased risks for preterm infants compared with term infants for these other classifications of sudden infant death. And as seen in the 1987 analysis, the postnatal age for SIDS and other SUIDs continues to decrease as gestational age at birth progresses, while the postconceptional age increases. Thus the question, why do preterm infants remain at increased risk for sudden infant death despite the dramatic drop in rates? And second, does the increased risk across all categories of sudden infant death suggest a common mechanism? It is not the intent of this analysis to delve into potential mechanisms for SUID among preterm infants, but refer the reader to previous discussions of various hypotheses. [26] [27] [28] [29] [30] The observation that the SIDS rates have dropped dramatically for extremely preterm infants as well as term infants at the same rate of reduction suggests that the risk reduction strategies enumerated in the Back to Sleep Campaign work for preterm births as well as term births. 16 These risk reduction strategies involve primarily modification of extrinsic factors to which an infant is exposed such as sleeping position, bedding material and construction, bed-sharing, environmental temperature control, and passive tobacco product exposure. Most recent recommendations now include consideration of pacifier use and breastfeeding. 31 Since 1992, when the first recommendations for non-prone positioning of infants to sleep were made by the American Academy of Pediatrics, the prevalence of prone positioning has dropped from 70% to approximately 11% in 2009. 32 The success of the campaign in 2009 has been less, however, in the Black community, which continues with a higher prevalence of prone positioning of their infants, 22% vs 11% among Whites. 32 Among the most preterm infants dying out-of-hospital in the postneonatal period from 'other causes', however, the adjusted OR was 6.82 times higher than among term infants. This suggests a different mechanism and higher level of risk than among the most preterm infants dying of SUIDs. In examining the leading underlying causes of death for this 'other' category, the leading causes for infants dying born at 24 to 28 weeks gestation are associated with medical conditions encountered as a function of prematurity. From the standpoint of prevention, it is unclear what can be done in terms of risk reduction for this 'other' group other than reducing the prevalence of extremely preterm birth. However, it is interesting to note that 'asphyxiation' was the most frequent cause of death for those infant with deaths attributed to 'other causes' after 28 weeks gestation. Back to Sleep Campaign Strategies may well be applicable to these infants. Among extremely preterm infants dying of SUIDs, however, there appears to be opportunity to press for more emphasis of risk reduction strategies. As noted in a previous study, sociodemographic characteristics appear to be more associated with the risk of SIDS Congenital malformation of the heart Congenital malformation of the heart Abbreviations: ICD10, International Classification of Diseases-Revision 10; NOS, not otherwise specified.
death among preterm infants than medical risk factors. 15 Younger, less educated, Black and multiparous women are more prevalent among those infants dying of SUIDs. As reported by others, women with these characteristics have been a greater challenge to reach and educate with risk reduction strategies. 33, 34 Nevertheless, developing strategies to press forward on the dissemination and implementation of the most recent risk reduction recommendations from the AAP Task Force on Sudden Infant Death Syndrome has merit.
The major limitation of this analysis using the United States vital statistics data are the problem of certifying SUIDs. There has never been information on death certificates as to whether or not a death scene investigation was done. SUIDs fall within a category of death requiring a medico legal investigation, and the quality of that certification process varies considerably. The development of a standard death scene investigation protocol for SUIDs has thus been a critical challenge and goal taken on by the Centers for Disease Control and Prevention. 35 A recent article by ShapiroMendoza et al. 36 describes a pilot program for a multistate population-based surveillance system for monitoring SUIDs that hopefully will evolve a nation-wide system and help standardize the process for reporting SUIDs. Without standardization in the process of certifying SUIDs, the reporting of trends for these categories of deaths will remain suspect. Another major problem in using vital statistics data are the misclassification problems associated with the estimation of gestational age and the concurrence of birth weight for gestational age. 37, 38 In other analyses, evaluating neonatal or infant mortality using vital statistics data efforts to correct for this problem have been made by removing records with birth weights deviating from set limits for estimated birth weights ranges for specific gestational ages. 5 Such data trimming, however, has resulted in substantial losses of data. In light of no ideal way of assuring which gestational ages are correct, the assumption of non-differential misclassification of gestational age seems most appropriate. This assumption suggests that any misclassification of gestational age would not differ across gestational age categories for survivors and deaths thus any bias in the estimation of ORs by gestational age category would be toward the null and if anything would underestimate the risks. 39 In summary, this analysis shows that despite more than halving the death rate for SIDS among preterm infants over the last 20 years, the risk for SIDS deaths among preterm infants compared with term infants remains elevated. Further reduction of this risk will most likely occur only with continued education and implementation of current risk reduction strategies among those women with high-risk sociodemographic characteristics.
